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Abstract: A new outburst prevention method based on injecting and freezing, considering of the important role of gas pressure and the 
mechanical characteristics of coal in the sprout and occurrence in the coal and gas outburst, was put forward in this paper. The curves of stress 
and strain with different freezing temperatures were drawn, and the effects of the water content, compaction force as well as freezing 
temperature on mechanical properties was discussed, through the experiment on the outburst-prone coal seam injected frozen water. It was 
found that the uniaxial compression strengths of coal obviously rise, its Young's modulus show a rise tendency,, and the effective stresses of 
gas-filled coal obviously rise and its strengths is further improved after the gas pressure falls with the freezing temperature decreasing. 
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1. Introduction 
In China’s coal mines, before the outburst-prone coal seam is mined or uncovered at crossdrift, when the working face 
belongs to the outburst-prone one by forecast, it is necessary to adopt the main measures to prevent methane outburst such as 
gas-extracting, hydroboring, degassing boreholes, advancing holes or other proved effective ones. The normal excavation 
production will go on[1] only after the measures should be tested effectively on preventing methane outburst. China’s 
outburst-prone coal seams are characterized as high destruction type, with complex structure, chaotic stratification, low 
mechanical property (the coal mechanical parameters such as compressive strength, tensile strength, shearing strength and 
elastic modulus), and low penetration coefficient. Without the action of protecting coal seams, it is very difficult for the 
above-mentioned measures to release the gas in advance to reduce gas content and decrease gas pressure in coal seam. 
Therefore, it must seek the other effective measures to prevent the outburst. 
According to the comprehensive hypothesis about the coal and gas outburst, the outburst energy is the geostress and the gas 
pressure. The mechanical performance of coal body which can resist to fragmentation provides the resistance to the coal and gas 
outburst. Whether the outburst occurs or not depends on dynamical equilibrium of the power and the resistance [2]. The 
mechanical performance and the gas pressure in coal body are very important to prevent the coal and gas outburst [3]. Therefore, 
it is vital to improve the mechanics parameters of the outburst-prone coal seam (compressive strength, elastic modulus and 
tensile strength), increase coal seam’s resistance to outburst in pressure relief zone, and reduce the gas pressure of coal seam to 
prevent the outburst accidents of the working face in the coal mine of China[4].  
2. Application of the freezing method 
The application of the artificial freezing process begins in the 19th century,it was applied to reinforce soil and construct 
building foundation at first in 1862 in England, and was applied successfully in pitshaft construction in Alreed coal mine in 
1883 in German for the first time. More than a century later, the artificial freezing process is applied and developed in many 
fields, such as coal mine, tunnel, subway and foundation building. The key laboratory of freezing earth project in Lanzhou 
Glacier Frozen Earth Research Institute of Chinese Academy of Sciences, the experiment[5]for artificial freezing foundation 
model with the liquid nitrogen was conducted since 1996[5]. 
In coal mine, the freezing method is mainly applies in the construction of watery sand land sector of pitshaft with the frozen 
stratum forming the frozen wall, it will resist the geostatic pressure and isolate the ground water. Under the protection of the 
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 frozen wall, the excavation can be continued [6] [7]. 
According to the action principle and application practice of the frozen method, if the soft rock such as coal is frozen, its 
strength is greatly improved. In this paper, through the mechanical experiment on the frozen coal, its compressive strength, 
elastic modulus and other mechanical parameters [8] were obtained, a quantitative analysis of change of its mechanical properties 
was made, and a qualitative analysis of the effects of injected and frozen water on gas outburst prevention was taken as a new 
measure. 
3. Experiment methods 
The outburst-prone coal with low strength, is easy to be broken; it is prone to result in jamming of a drilling tool, pump’s 
choke and gas erupting in the hole during the sampling process, which causes the coal sampling to be extremely difficult. But t 
is easy for experiment to succeed avoiding the different experimental results from the heterogeneity of coal, by using special 
specimens moulded in laboratory.. 
 
Fig. 1. Moulded sample of outburst-prone coal                            Fig. 2. RMT-150-type triaxial testing equipment of rock mechanics 
4. Experiment results and analysis  
4.1. Analysis of coal samples fragmentation  
Through the uniaxial compressive [9] strength experiment with the moulded samples, they had deformation, as shown in Fig.3, 
which experienced the following four stages:  
(I) compaction stage (OA). The stage means lower stress and higher compressibility, and the compressibility will decrease as 
the temperature lowing. 
(II) flexibility stage (AB). The stage is elastic deformation. Elastic modulus will increase as temperature reduce and the 
length of AB will be enlarged as temperature lowering. It indicates that the pore ice in coal plays a role and coal flexible rises. 
(III) plastic yield stage (BC). The coal deformation under pressure at the stage is with the plastic characteristics. its 
deformation can not fully recovered When unloaded. And coal uniaxial strength is maximum at this stage.  
(IV) damage stage (CDE). From the fracturing results of the test specimens, when some reached the level of C-point stress,  
the specimen surface will crack, which growth will lead to a sudden release of stress. That is stage CD.  
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For the above reasons, after injecting water into the moulded samples of the outburst-prone coal seam and freezing, we decide 
to adopt them in the mechanical experiments. The experiment steps are as follows: 
(1) Collect the samples at the scene of the coal face in a coal and gas outburst mine, crush the samples into the coal powder of 
a small particle with a hard tool such as hammer, and then mix them evenly with water by sprinkling. The water content in it 
ranges from 10-12%. 
(2) Set four moulded stress values (15MPa, 25MPa, 35MPa and 42MPa) according to stress parameter with the 10-ton 
hydraulic universal testing machine and pressure head, respectively, and press the wet coal powder in the model into standard 
coal samples which size is 50 multiplied by 100mm (height multiplied by diameter) (as shown in Fig.1). 
(3) Set four values (-5˚C, -10˚C, -15˚C, and -20˚C) according to the frozen temperature, and then class and number the 
standard coal samples according to the above frozen temperature and stress. The numbered ones are put into a freezing box and 
frozen, matched with the corresponding temperature and stress. 
(4) Take out the good specimens for uniaxial compressive strength test. Laboratory equipment is home-made environment 
box and RMT-150-type triaxial testing equipment of rock mechanics produced by Wuhan geotechnical institution in China 
Academy of Science, the maximum load is 1000kN, as shown in Fig.2. The system has a most rapidly controls of the test 
specimens by the computer. Use the menu in the main form to set the relevant parameters, and then the uniaxial compression 
test proceed with using the trip control and loading speed at 0.5mm/s.  
  
 
 
 
 
 
 
 
 
4.4. Effect of mould pressing on coal strength and elastic modulus   
The abscissa stands for the mould stressing for shaping the samples. The ordinate stands for the average compressive 
strength of moulded coal samples. The relation of the average compressive strength and the freezing temperature was shown in 
Fig.6. I t can be seenfrom Fig.6 that, with the same freezing temperatures, their uniaxial compressive strength decreases with the 
mould stressing growth, the mould stressing of 15 MPa (The force is equivalent to the geostress of underground mining coal in 
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Fig. 5. Freezing temperature and elastic  
modulus curve of moulded coal samples 
Fig. 4. Freezing temperature and compressive 
strength curve of moulded coal samples 
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Fig. 3. Stress-strain curve of moulded coal sample at the freezing temperature of -20˚C 
4.2. Mechanical properties parameters of moulded coal samples under the different frozen temperatures  
In general, the outburst-prone coal seam belongs to the high destruction type of IV and V. They can be twisted into pieces 
by hand under the normal temperature, with a very low intensity. After the water was injected in and got frozen, the mechanical 
properties of the outburst-prone coal seam was greatly improved. Their mechanical properties parameters under the different 
freezing temperatures were shown in Table 1. 
Table 1. Mechanical properties parameters of moulded coal samples under the different frozen temperatures 
4.3. Effects of freezing temperature on coal strength and elastic modulus   
The abscissa stands for the freezing temperature, and the ordinate one stands for the average compressive strength and the 
average elastic modulus of moulded coal samples. The average compressive strength and elastic modulus with the freezing 
temperature were shown in Fig.4. and Fig.5. From these two Figures, it can be seen that the uniaxial compressive strength of 
moulded coal samples increases markedly with freezing temperature dropping, while the elastic modulus increases. Among 
them, when the mould pressing is 15 Mpa and the freezing temperatureis -20˚C, the maximum compressive strength is up to 
4.722 MPa (the force is equivalent to the lateral pressure of underground mining coal in a depth of 800 meters. If the pressure 
relief zone of working face can give such a lateral pressure to the stress concentration zone, the coal and gas outburst of the 
stress concentration zone will happen difficultly), the maximum elastic modulus is 0.099 GPa. 
Freezing 
temperature (˚C ) 
Average compressive 
strength (MPa) 
Average 
axial strain (10-3) 
Average horizontal strain 
(10-3) 
Average elastic  
modulus (GPa) 
Average 
Poisson's ratio 
-5˚C 
-10˚C 
-15˚C 
-20˚C 
1.36 
2.17 
3.03 
3.82 
59.16 
55.91 
61.02 
67.13 
35.10 
30.64 
61.02 
67.13 
0.028 
0.046 
0.061 
0.066 
0.48 
0.39 
0.41 
0.35 
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 5. Gas pressure changing in coal seam 
Gas pressure in coal seam is not only an important parameter of the content of the gas, but also one of the main parameters[10] 
[11]to determine the risk of the coal and gas outburst. for a certain distance before the working face, due to low gas permeability 
and small impact of mining subsidence, little gas permeate and emit, gas content of coal seam in these zones remain primitive 
and constant. As can be seen from Fig.7, if the temperature drops in the coal seam of these regions, with the gas content 
remaining unchanged, the coal gas pressure will reduce. According to the coal seam temperature changes in the experiment after 
being injected into by water and frozen, how the gas pressure changes can be drawn. Two points of a and b in Fig.7 show that 
when the gas temperature varies from T1 to T2, the gas pressure changes from Pa to Pb. At the same time, with the gas pressure 
drops, elastic modulus and compressive strength will increase. Such as C13 samples of outburst-prone coal seam in Huainan, 
under the confining pressure of 3.0MPa and different gas adsorption equilibrium pressure in the whole stress-strain experiment, 
it shows that when P is 3.0MPa, σ is 17MPa and E is 0.9GPa; while P=1.5MPa,σ=19MPa and E=1.2GPa (P-pressure, 
σ-compressive strength, E-elastic modulus)[12]. 
6. Conclusion 
1) By the uniaxial compressive strength experiment with the moulded samples, after injected water in and frozen, their 
deformation can be divided into four stages: compaction stage (OA), flexible segment stage (AB), plastic yield stage (BC) and 
destruction stage (DE). 
 
 
 
 
 
 
 
 
 
 
 
 
 
2) The uniaxial compressive strength and the elastic modulus of the test ones increase obviouslywith the same mould pressing, 
and with the freezing temperature falling,. 
3) The uniaxial compressive strength of the sample falls with the mould pressing increasing for the same frozen temperature 
ones dues to the comprehensive action of the frost-heave force and density of moulded coal samples. 
4) If the gas content remains unchanged, the gas pressure in coal seam will fall with the frozen temperature. 
5) By water being injected into and frozen, the gas pressure in coal seam drops, coal mechanical properties rises, which 
reduces the gas power source in gas outburst and increases the resistance of coal seam to the gas outburst. Thus the coal and gas 
outburst can be prevented by it. 
Acknowledgements 
Financial support for this research work, provided by the National and Hunan Province Natural Science Foundation, is 
0
0. 5
1
1. 5
2
2. 5
3
3. 5
4
4. 5
5
15MPa 25MPa 35MPa 42MPa
模压/ Pa
抗
压
强
度
/
M
P
a
 - 5℃
 - 10℃
 - 15℃
 - 20℃
图6 煤层瓦斯含量与温度、压力的关系
PbPa
V ba
t3
t2
t1
t1<t2<t3
瓦斯压力 P/Mpa
瓦斯含量 m/t
3
Fig. 6. Compressive strength and freezing  
temperature curve of moulded coal samples 
Fig. 7. Relationships of coal gas  
content with temperature and pressure 
Mould stressing/Mpa 
Gas stress/Mpa 
Gas content(m3/t) 
Co
m
pr
es
siv
e 
st
re
n
gt
h/
M
pa
 
563
a depth of 600 meters) corresponds with the maximum compressive strength. This trend is obviously at the freezing temperature 
of -20˚C. This is comprehensive action of the frost-heaving stress and the density of moulded coal samples. The bigger the 
mould stress and the density in the preparation for the pressed samples are, the greater ice frost-heaving stress in the fracture is. 
4.5. Effect of freeze-thaw on coal mechanical properties 
With the number and damage of freeze-thaw increase, different decreases of compressive strength, elastic modulus and 
Poisson's ratio and other mechanical parameters occurred. Take the freeze-thaw temperature ranging from –15˚C to 22˚C for 
example, the contrast between the parameters before and after freeze-thaw is shown in Table 2. 
Table 2. Contrast between the parameters before and after freeze- thaw coal mechanical properties 
Freezing 
Temperature (˚C) 
Freeze-thaw 
temperature (˚C) 
Numbers of 
freeze-thaw compressive strength (MPa) elastic modulus (GPa) Poisson's ratio 
-15  22  
0 
5 
8 
12 
3.03 
2.82 
2.67 
1.20 
0.061 
0.059 
0.059 
0.031 
0.41 
0.38 
0.35 
0.42 
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